In a seminal study Simcock and Hayne (2002) showed that 3-year-olds were unable to use newly acquired words to describe a "magic" event experienced six or twelve months earlier.
Introduction
Early life experiences are by many developmental psychologists assumed to have a crucial impact on a person's life (Bowlby, 1951; Rutter, 2002) . Meanwhile, most adults remember only few, if any, specific events from the first three years of their lives (e.g., Pillemer & White, 1989) . The paucity of memories from early in life was described by Freud (1905 Freud ( /1953 , who coined this "black hole" in our autobiographical memory childhood amnesia.
1 Thus, researchers studying childhood amnesia seem to be faced with a paradox: If early experiences are vital and affect our lives in general, then why is it that we as adults have severe difficulties recalling these events (Rovee-Collier & Cuevas, 2009 )?
When older children and adults report memories from specific events or episodes, the report is by default verbal. However, events experienced in infancy and young childhood are encoded and stored at a time when the children's language abilities are under development.
Thus, when attempting to understand childhood amnesia as it comes into play in childhood, the following two questions seem important: First, to what extent are young children capable of making verbal reports of events experienced when their language abilities were less mature? Second, as language matures, can newly acquired productive language be used to describe these early event memories? The second question is not only crucial regarding our understanding of childhood amnesia, but has also important practical relevance -for instance when children appear as witnesses in courtrooms (Goodman, Batterman-Faunce, Schaff, & Kenny, 2002) . In this paper we focus especially on the second question. We begin by presenting a brief outline of the literature concerning young children's verbally produced memories of events that occurred when the children's productive language abilities were less mature, because this research serves as the foundation on which the studies on the second question are based.
Young children's ability to provide verbal reports of early life experiences
Until the beginning of the 1980's research on children's ability to verbally recall past events was sparse (Bauer, 2007) and evidence suggesting that children were able to verbally 4 recall events, experienced at a time when their language abilities were less mature, were mainly anecdotal (e.g., Nelson & Ross, 1980; Todd & Perlmutter, 1980) . Since then a number of studies have shown that children around two years of age and older have verbal memories for naturally occurring events (e.g., Cleveland & Reese, 2008; Fivush, Gray, & Fromhoff, 1987; Peterson & Rideout, 1998) which in some instances are retained over several years (e.g., Peterson & Parsons, 2005; Peterson & Whalen, 2001) . Meanwhile, the results from a number of other naturalistic studies indicate that once a long enough delay has ensued, events that were formerly retrievable may no longer be accessible to verbal recall (e.g., [29] [30] [31] [32] [33] [34] [35] month-olds: Fivush et al., 1987; 3-6 year olds: Goodman, Hirschman, Hepps, & Rudy, 1991;  3.5-4.5 year olds: Pillemer, Picariello, & Pruett, 1994) .
In a different line of research a number of studies have investigated children's ability to talk about previously experienced events under more controlled conditions. Some lab-based studies have shown little evidence of verbal recall of memories encoded at a time when the children's language abilities were less mature (e.g., Boyer, Barron, & Farrar, 1994; Myers, Clifton, & Clarkson, 1987; Myers, Perris, & Speaker, 1994 , study 3). However, these studies all share the same design characteristic that the children were asked to verbally recall the target event without the target props from the event being visibly present at recall.
In another series of lab-based studies Bauer and her colleagues have shown that the presence of the to-be-remembered props at recall may facilitate the children's ability to talk about their previous experiences from participating in elicited imitation studies (e.g., Bauer, Kroupina, Schwade, Dropnik, & Wewerka, 1998) . In order to examine whether the children were able to verbally recall memories encoded at a time when the children's language skills were less developed, the children's language skills were assessed employing the MacArther
Bates Communicative Developmental Inventory (CDI) both at the time of encoding as well as at the time of the verbal recall test. The results revealed that compared to naïve controls of equal age, children 20 months of age or older were able to verbally describe previously experienced events -even after substantial delays (e.g., Bauer et al. 1998; Bauer, Van Abbema, Wiebe, Cary, Phill, & Burch, 2004) . However, successful verbal retrieval turned out to be highly dependent on the degree of contextual support: Whereas the 20-month-olds succeeded when the props were present at recall, they failed if the props were absent or if only pictures of the props were present (Bauer et al., 2004) . The findings from Bauer and her colleagues thus indicate that memories encoded at a time when the productive vocabulary is less advanced, can be accessible to later verbal report, if the children's recall is supported by Notice: This is the author's version of a work that was accepted for publication in Developmental Psychology. A definitive version was subsequently published in Developmental Psychology, 51, 1704 -1716 . DOI: 10.1037 5 a high degree of contextual support (e.g., having props present during the verbal recall test).
However, although Bauer and colleagues assessed the children's productive vocabulary at both encoding and test, they did not explicitly investigate whether the children at the recall test used newly acquired words to describe the events.
Can children use newly acquired words to describe earlier memories?
The first study to directly address this question was Simcock and Hayne (2002) . In an elegant design they taught 27-, 33-and 39-month-olds how to operate a Magic Shrinking Machine, a 'machine' which (apparently) could shrink toy objects into smaller, but identical looking replicas. Like Bauer and her collaborators, Simcock and Hayne (2002) assessed the children's language abilities at the time of encoding and at the time of test. However, in addition, Simcock and Hayne (2002) asked the parents to fill out an extra list of words specifically associated with the target event which allowed them to directly evaluate whether the children had acquired the necessary productive vocabulary to describe the event across the two delays and to assess if they used any of these new words when verbalizing their memories. The children's verbal and nonverbal recall was assessed six (or twelve) months later. The results showed that although the children nonverbally recalled the event, indexed by counting the number of correctly identified target photographs and the number of target actions re-enacted respectively, there was not a single instance in which a child used newly acquired words to describe the event (Simcock & Hayne, 2002) . As stated by Simcock and Hayne (2002, p. 229) : "…children's verbal reports of the event were frozen in time, reflecting their verbal skill at the time of encoding, rather than at the time of test." In contrast, in a follow-up study six years later, 46 children were re-interviewed about the Magic Shrinking Machine event (Jack, Simcock, & Hayne, 2012) . The results revealed that nine (20%) of the children were able to recall the event verbally, and two of the children did use newly acquired words to describe the event. However, the children were now 8-10 years of age, and thus were not young children as the ones tested by Simcock and Hayne (2002) .
On the face of it, the results obtained by Simcock and Hayne (2002) seem at odds with the results cited earlier from Bauer and colleagues. Although Bauer and colleagues did not directly assess whether the children used newly acquired words to describe the previously experienced event, the children in their study were able to talk about the event (Bauer et al., 2004 ) whereas the verbal recall task was found to be quite difficult for the children in the Simcock and Hayne (2002) study. However, there was at least one important design Notice: This is the author's version of a work that was accepted for publication in Developmental Psychology. A definitive version was subsequently published in Developmental Psychology, 51, 1704 -1716 . DOI: 10.1037 6 difference between the two studies: Whereas the to-be-remembered props were absent at recall in the study by Simcock and Hayne (2002) where the children failed to use newly acquired words to describe the previously experienced event, the props were present in the study by Bauer et al. (2004) where the children succeeded in verbally recalling the to-beremembered event. As suggested by Bauer et al. (2004) as well as Morris and Baker-Ward (2007) , young children may need strong contextual support at recall in order to verbalize memories encoded at a time with limited language skills, and the absence of props at recall may have affected the findings reported by Simcock and Hayne (2002) .
In a more recent lab study Morris and Baker-Ward (2007) investigated two-year-olds verbal recall of a unique event. In this study the children's verbal recall was facilitated by a high degree of contextual support during the verbal recall test by reinstating the encoding context including a to-be-remembered "Magic Bubble Machine". Like Simcock and Hayne (2002) , the aim of Morris and Baker-Ward's (2007) study was to examine whether young children could use newly acquired words to describe the event. The Magic Bubble Machine could only be activated by each child's target color. The children were randomized into two conditions: those who already knew the label for their target color (known condition) and those who did not (unknown condition). During a two-month retention interval all children interacted with the experimenter in color-label and color-learning games. The results revealed that, although fragile, a significant portion of the children in both conditions who had acquired new verbal color labels were able to use these new words to describe critical components of the event. Thus, these findings indicate that some early life memories can be translated into language across time (Morris & Baker-Ward, 2007) .
Summary
A substantial number of studies have investigated young children's ability to verbally recall events experienced at a time when their language abilities were less mature. However, to date only two studies (Morris & Baker-Ward, 2007; Simcock & Hayne, 2002) have examined young children's ability to use newly acquired words from their productive vocabulary to describe previously experienced events under controlled conditions. Given the fact that this question is highly relevant when examining the childhood amnesia enigma, it may seem surprising that only two studies have been conducted. Further, the results from these two studies are inconclusive. Whereas the children in Morris and Baker-Ward's (2007) experiment did use newly acquired words, the children in the study by Simcock and Hayne Notice: This is the author's version of a work that was accepted for publication in Developmental Psychology. A definitive version was subsequently published in Developmental Psychology, 51, 1704 -1716 . DOI: 10.1037 7 (2002) did not. This divergence in results may be due to differences in the designs. In Simcock and Hayne's (2002) study the children's verbal recall was only supported by the experimenter's verbal prompts. In contrast, in the study by Morris and Baker-Ward (2007) the to-be-remembered props were present at recall. For children younger than three years of age, verbal prompts alone may not be effective retrieval cues (Hudson & Fivush, 1991; Hudson, 1993) and reinstating high degrees of contextual support tend to have a greater effect on young children's recall than more abstract cues such as verbal labels (Pipe, Gee, & Wilson, 1993) . The previously cited evidence from Bauer's lab (Bauer et al., 2004) suggests that the presence of props at recall can be crucial. This reasoning follows the assumption that a careful match of distinct cues between the original to-be-remembered event and the context for retrieval is known to facilitate recall (Hayne, 2004; Newcombe, Lloyd, & Ratliff, 2007) .
Whether the presence of props at recall would have made a difference in the Simcock and Hayne (2002) study can, however, not be resolved by speculation but requires replication. Based on the argument that the presence of props at recall "makes it impossible to differentiate between children's verbal recall of a preverbal memory and their on-line descriptions of objects or actions at the time of the test" (Simcock & Hayne, 2002, pp. 225-226) , Simcock and Hayne (2002) deliberately chose to conduct the verbal recall test without the props being present. However, such a potential confound may be controlled for (Bauer et al., 2004) . Here we replicate the Simcock and Hayne (2002) study, but this time with the props present at recall while controlling for the above mentioned potential confound. The basic idea was to use two equivalent but different 'magic' machines, a close replica of the Magic Shrinking Machine (MSM), and a novel device, the Crazy Duplicator (CDC). Half of the children were taught how to run the MSM, whereas the other half was shown how to operate the CDC. At recall both machines were visible, but out of reach. Thus, some children had the MSM as their target device at encoding whereas the CDC was a novel device at the delayed recall test and thus acted as a foil machine for this group of children. In contrast, for children having the CDC as their target machine at encoding, the MSM was novel at the delayed recall test and acted as their foil machine. Our reasoning was that if the children at the recall session were equally good at providing verbal reports of how to run the two machines, then their verbalizations could be attributed to on-line reasoning. If, on the other hand, the children's verbal performance was superior concerning the machine they had been taught how to operate (the target machine) relative to the new machine (the foil), then their verbalizations could be ascribed to memory. Based on the previously mentioned studies as
Notice: This is the author's version of a work that was accepted for publication in Developmental Psychology. A definitive version was subsequently published in Developmental Psychology, 51, 1704 -1716 . DOI: 10.1037 8 well as the generally accepted assumption that a careful match of distinct cues between the to-be-remembered event and the context for retrieval is known to facilitate recall (Hayne, 2004; Newcombe et al., 2007) , we hypothesized that the children in the present study would be able to verbally recall the event and would use newly acquired words from their productive vocabulary to describe their target event.
The experiment
In the present study we replicated Simcock and Hayne's (2002) basic design but with the following changes: First, in order to allow for the props to be present at recall while controlling for possible online reasoning, we employed a mixed 2 (Between-subjects: MSM vs. CDC) x 2 (Within-subjects: MSM vs. CDC) design, where each child was taught either the MSM or the CDC at the time of encoding (T 1 ) as well as at test of encoding (T 2 ).
However, at the delayed recall test (T 3 ) the child was tested on both machines (see Fig. 1 ).
Second, for methodological and pragmatic reasons all children were tested in the same laboratory on all visits and not in their homes as in the reference study. Our reasoning was that in the lab we were able to control for a number of potential confounding factors and saved time not visiting the children in their homes. Third, since the verbal recall task in the original experiment was very difficult for all three age groups (27-, 33-and 39-month-olds),
we decided only to test the two oldest groups of children, that is, the 33-month-olds and the 39-month-olds. Fourth, whereas Simcock and Hayne (2002) employed two different retention intervals (six and twelve months), we only tested the children after a six month delay. Our reasoning was that the basic hypothesis we tested -that the presence of props may make a difference -would be testable regardless of whether we used one or two retention intervals.
Fifth, contrary to Simcock and Hayne (2002) we employed a baseline measure at encoding (T 1 ) in order to assess whether the children without instructions would produce any of the target actions for the given target machine. This baseline measure allowed us to assess the impact of the instructions provided by the experimenter. Sixth, in order to assess the children's language skills Simcock and Hayne (2002) used the PPVT and the EVT, whereas in their sequel MSM study (Simcock and Hayne, 2003) they used the CDI to assess productive language skills in children 24-48 months of age. The CDI is a validated and reliable instrument when assessing young children's language skills (Fenson, Dale, Reznick, Bates, Thal, & Pethick, 1994; Fenson, Bates, Dale, Goodman, Reznick, & Thal, 2000) and Notice: This is the author's version of a work that was accepted for publication in Developmental Psychology. A definitive version was subsequently published in Developmental Psychology, 51, 1704 -1716 . DOI: 10.1037 9 the CDI is easier to administer than the EVT when assessing children's productive language abilities. Consequently, in line with Simcock and Hayne (2003) we for pragmatic reasons choose to use the CDI as well. Seventh, we deliberately decided not to measure the children's ability to talk about the machines prior to instructions. During piloting we initially asked the children about what they thought their target machine was for, and the children said absolutely nothing and generally found the situation quite unpleasant. Note, since we were able to use the checklist of words (see below) specifically associated with the target event completed by the parents at both encoding and at the delayed recall test, we retained the possibility to assess whether the children did use newly acquired words from their productive vocabulary to describe the to-be-remembered event at the recall test. Hence, a verbal memory test at the test of encoding was not necessary to test the main hypothesis.
Method Participants
A total of 180 children (87 female) participated in the present study. Ninetyfour of the children were 33 months of age (45, female, M age = 33.00 months, SD = 0.25, range: 32.50-33.50 months) and 86 of the children were 39 months of age (42 female; M age = 39.08 months, SD = 0.27, range: 38.60-40.10 months). Within each age group, the children were randomly assigned to either the MSM Condition or the CDC Condition. Additionally six children (three 33-month-olds and three 39-month-olds) were tested but excluded from the final sample due to missing data from the CDI (5) and experimental error (1). The children were predominantly Scandinavian Caucasian, living in families with middle to higher SES. All the children were healthy and full-term and were recruited from the
[Blinded] via registers from the National Board of Health. The families were contacted by letter and follow-up phone calls. The children received a small gift for their participation.
Apparatus
All three sessions (see below) took place in the same 30 m 2 lab room. At the first session, the encoding session (T 1 ) and the second session, the test of encoding (T 2 ), only one of the two custom-made "machines" was present (see Fig. 1 ), that is, either the MSM, 80 cm x 43 cm x 60 cm [L x W x H], in brown, yellow, and orange, a replica of the device developed and used by Hayne (2002, 2003) ; or the CDC, 60 cm x 43 cm x 80 cm [L x W x H], in grey, red, yellow, blue, and green, which, as mentioned above, acted as a Notice: This is the author's version of a work that was accepted for publication in Developmental Psychology. A definitive version was subsequently published in Developmental Psychology, 51, 1704 -1716 . DOI: 10.1037 10 second 'magic' device enabling us to control for on-line reasoning. Both machines were designed specifically for the present experiment and not commercially available. Two JVC Everio digital camcorders recorded all sessions for later off-line scoring (see below).
Procedure
All children came to the laboratory three times: two visits separated by 24hr (T 1 and T 2 ) and a third visit (T 3 ) after a six month delay. On the first two visits half of the children in each age group were taught how the MSM worked and the other half of children were taught how to operate the CDC. On the third visit all the children were asked first to tell everything they could about both of the machines and subsequently to demonstrate by behavioral reenactment how to operate them.
The children had to (re)enact five different target actions in the correct order in order to operate each machine. If they succeeded in operating the machines correctly, the MSM would 'shrink' inserted objects into smaller identically looking replicas whereas the CDC could 'copy' objects. The target actions related to the MSM were identical to those described by Hayne (2002, 2003) : (1) turn on the machine by pulling down a yellow lever activating a light on top of the machine, (2) take a toy from a bag, (3) place it inside the machine, (4) turn a green handle on the left side of the machine, and finally (5) retrieve a smaller identical looking toy by opening an orange door on the machine's front. Six objects were used in relation to the MSM: a giraffe, play dough, a scarf, a can, a T-shirt and a crayon.
The objects used in the present study were not completely identical to the ones used by Hayne (2002, 2003) because we were unable to find both large and small versions of the original objects.
In order to minimize carry-over effects between the two devices, all the target actions and target objects related to the CDC were chosen, so the key words to-be-remembered differed from the ones relevant for making the MSM work. The five target actions for the CDC were: (1) take a toy from a basket, (2) place the object on a shelf inside the machine and close a small door, (3) pick up a cymbal from a red pocket on the machine's left side and to put it on a stick on the right side of the machine, (4) take a club, placed on the machine's front, and hit the cymbal, and finally, (5) push a sliding door aside to retrieve the now two identical toys, 'copied ' by the CDC. The six target objects used with the CDC were: a squirrel, a camera, a belt, a cup, a rooster, and a stove.
Encoding (T 1 ).
Baseline. An assistant sat behind the machine in order to make the machine shrink or copy the objects provided that the correct actions were produced in the correct order. produce any of the target actions for the given machine. The trial was "child controlled" (Bauer & Mandler, 1992) , meaning that the period ended when the child stopped playing, abandoned the props, or began engaging in repetitive behavior (e.g., pulling the lever up and down again and again). experimenter narrated what she was doing with the target machine and thus described all the to-be-remembered target actions. Each child was encouraged to participate in the game at any time during the first demonstration. The shrinking or copying sequence was repeated for all six target objects, one object at a time. When the last object had been shrunken or copied the child received a medal as a reward for his or her participation at the end of the session of encoding. The medal was used as a retrieval cue 24hr's later in relation to the nonverbal recall test of encoding (T 2 ) (cf. Simcock & Hayne, 2002 , 2003 .
Language development. Both at the time of encoding (T 1 ) and at the time of the final recall test (T 3 ), we asked the parents to fill out a Danish version of the MacArthur Communicative Development Inventory: Words and Sentences (CDI) in order to assess the children's general language and the development of their productive language skills. In the reference study Hayne (2002, 2003) asked the parents to fill out an extra checklist of words regarding the children's productive vocabulary specifically associated with Notice: This is the author's version of a work that was accepted for publication in Developmental Psychology. A definitive version was subsequently published in Developmental Psychology, 51, 1704 -1716 . DOI: 10.1037 12 the to-be-remembered event. Thus, in the reference study only the children's productive vocabulary was used in order to check for the possible use of newly acquired words. This strategy makes sense in order to assess whether possible verbal productions related to the tobe-remembered event by the children were new or not. In order to replicate the study, we employed the same strategy, but asked the parents to fill out a checklist involving words for both machines (see below).
Additionally, in line with Simcock and Hayne (2003) each child's parent was instructed not to initiate any conversation about the target event with their child during the 24hr retention interval. In case the child mentioned anything related to the target event, the parents were instructed only to respond briefly and in confirmatory fashion, but not to elaborate on any statements provided by the child.
Test of encoding (T 2 ).
Behavioral re-enactment. Replicating the procedure by Simcock and Hayne (2002) all the children returned to the laboratory for a booster session 24hr's after the first visit. In front of their target machine the experimenter asked each child: "Yesterday, I gave you a medal like this [holding the medal in her hand], do you remember that?" and "Before I gave you the medal, we played an exciting game with this machine [touching the machine] and the stuff in the bag or the basket [pointing at it]. Can you show me, what we did?" Similar to the procedure at T 1 the shrinking and copying sequences were repeated for all six objects, one object at a time. When the re-enactment stopped the experimenter asked "What else did we do?" in order for the child to re-enact as many target actions as possible by him or herself. In case a child failed to re-enact one or more actions, these missing actions were demonstrated again and the child was encouraged to participate in order to maximize encoding.
Recall test (T 3 ).
Six months (± 14 days; M days =181.15, SD =7.66) after the test of encoding, the children returned to the lab for the recall test. The test involved three steps: First, we assessed whether the child could recognize his or her target machine based on two A4 sized photos (left and right balanced) (recognition test). The children replied verbally or by pointing. Second, with the machine in question fully visible, but firmly out of the children's reach, we tested how much each child could tell about each machine (verbal recall). Finally, we assessed whether the child was able to operate the two machines (nonverbal recall). The verbal recall test and , 51, 1704 , 51, -1716 , 51, . DOI: 10.1037 13 the nonverbal recall test were run successively for each machine before turning to the other machine. The verbal recall test was always conducted before the nonverbal recall test in order to rule out the possibility that the latter would prompt or boost the former. The order of the machines was balanced across subjects. In the following the verbal recall test and the nonverbal recall test are outlined in more detail, one at a time.
Verbal recall. One of the machines was made visible by removing a blanket. In order to assess the child's verbal recall of the machine the experimenter asked each child general, open-ended questions about the event. Whereas the children could see the machine, they were not allowed to touch the machine in order to rule out a potential carry-over effect from present nonverbal (i.e., behavioral re-enactment) experiences to verbal recall. The target objects were hidden in the bag (MSM) and the basket (CDC) except for the giraffe and the squirrel as they were placed on top of their target machine, respectively. Because one of the machines was familiar to the child, whereas the other was new, the questions differed slightly. With the target machine the experimenter started by asking (e.g., "This is the machine you and I played with the last time you were here, please tell me everything you can remember about the machine", "Can you tell me more about the machine?"; "What else did we do?"). When the child stopped and could not report or add new information regarding the target machine the experimenter asked more direct questions (e.g. "What kinds of toys did we use?", "How did we make the machine work?").
When the child was asked about the foil machine the experimenter said "This is the new machine you haven't seen before; please tell me everything you can about this machine", "Can you tell me more about the machine?" and "What do you think the machine can do").
Regarding the foil machine the experimenter only asked about the functions of the machine (e.g., "How do you think the machine works"?). The experimenter kept asking the child questions about the to-be-remembered event or the foil device until the child could not report any more information about the event.
Nonverbal recall. After the verbal recall test the experimenter encouraged the child to show whether he or she was able to operate the machine. 14 copy all six objects, one at a time. However, if the child failed to operate the machine the experimenter encouraged the child to try again and mentioned that the correct order was necessary in order to make the machine work but without specifically telling the child what to do. The nonverbal recall test ended when the child had shrunken or copied all six objects or when the child was unable to produce any new target actions related to the machine.
Scoring and Data Reduction
All three sessions were video recorded and the content of the children's reports at the verbal recall test were transcribed verbatim. The primary scorer had to know about the event in detail in order to decide whether the verbal reports provided by the child were an indicator of memory of the to-be-remembered event or not. In order to objectify the scoring process a secondary scorer re-scored 20% of the recordings after having received training by the primary scorer based on a manual and training based on some of the children not selected for re-scoring. The rescoring involved all aspects of the scoring, that is, both verbal and behavioral assessments. The interrater agreement was very high 99.3%; Pearson r =.998.
Scoring: Nonverbal recall
Baseline at encoding (T 1 ). The number of correct target actions produced was scored following the scoring strategy employed by Bauer (1992) . Hence, the child received a "1" for each target action produced correctly. Each target action could only be credited once (range: 0-5). All the children were awarded with their overall best score. For instance, if a child produced two target actions with one target object but later managed to produce three target actions then the latter performance constituted the child's final score.
Test of encoding (T 2 ).
To compare the child's behavioral enactment at baseline to their re-enactment during demonstration the child's behavioral re-enactment was scored in the same manner as just described. For each of the six target objects the number of target actions (max. 5) produced by the child were registered. Only the actions produced by the child before the experimenter eventually demonstrated the missing actions again were scored.
Scoring: Recognition test at T 3 .
Each child received a "1" if he or she was able to identify the target device and "0" if he or she could not.
Scoring: Verbal recall at T 3 .
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The primary scorer scored the content of the children's verbal accounts based on the recordings. In the reference experiment Simcock and Hayne (2002) used a checklist of words associated with the target event to assess whether the children used newly acquired words from their productive vocabulary to describe the machines or not. However, because the target objects used in the present study differed from the ones used in the original study, the wordlist we adopted was not completely identical to the one used in the reference experiment (see Appendix A). In addition, the checklist developed by Simcock and Hayne (2002) did not include words related to the CDC. Consequently, we developed a checklist consisting of 22 words related to this device (see Appendix A). Thus, our wordlist associated with the two machines consisted of 44 words (22 for each device) and the children received "1" point for each word he or she mentioned on this additional checklist. Hence, it was possible for each child to get a maximum score of 22 (range: 0-22) for each machine based on the wordlist.
Note that the parents filled out a single wordlist consisting of the 44 words associated with the two target events (listed in alphabetic order), and thus did not know that we during the scoring operated with two different wordlists, one for each target machine. Last, but not least, based on the CDI reports on each child's vocabulary assessed at encoding as well as at test, we checked whether any of the newly acquired words from the children's productive vocabulary of relevance for the machines, was used by the child during the test (T 3 ) to describe the two machines.
Scoring: Nonverbal recall at T 3 .
At the delayed recall test the child's behavioral re-enactment regarding the number of target actions produced was scored. Analogous with the scorings conducted at T 1 and T 2 sessions a total score for each child in relation to their target machine was calculated.
Furthermore, the child also received one point for each target action (range: 0-5) produced in relation to their foil machine in order to compare the child's performance related to the target machine vs. the foil machine, respectively.
Results
Initially, we tested whether the children differed with regard to productive vocabulary across age groups and conditions. To address this question, we conducted a two-way ANOVA In the following we first present the results from the recognition test. Subsequently, the results from the verbal recall test are presented, and finally we briefly present the results from the nonverbal recall test.
Recognition test
By means of binominal tests (against 0.5 test prob., two-tailed) we analyzed whether the children were able to identify their target machine. The results revealed that 82% of the 33-month-olds, p < .001 and 93% of the 39-month-olds, p < .001 were capable of doing so.
Thus, the children in both age groups were able to recognize their target machine.
Meanwhile, a Chi-square test revealed that the older children performed significantly better than their younger peers, χ 2 (1) = 4.97, p = .026, V = .166.
Verbal recall test
First, we analyzed whether the number of words from the wordlists used for each machine differed depending on which machine the children had as target machine.
The children's production of words listed on the MSM wordlist. To summarize, results for the children's production of words from the two target wordlists were clear and systematic. Regardless of which machine the children had as their target machine (MSM or CDC) they systematically produced more words from the wordlist related to their target machine compared to the wordlist related to the foil machine.
Did the children use newly acquired words to describe the original event?
We now turn to the crucial question of whether the children used newly acquired words to talk about their target events. Based on the CDI records regarding each child's productive vocabulary at encoding and at recall together with transcripts of each child's factual utterances at the delayed recall test, we were able to register any incidents of use of newly acquired words from the wordlists produced at the time of recall. Although the total number of new words used was sparse, the children in both age groups and across target machines did indeed use newly acquired words from their productive vocabulary to describe the original event (see Table 1a and 1b for details).
Notice: This is the author's version of a work that was accepted for publication in Developmental Psychology. A definitive version was subsequently published in Developmental Psychology, 51, 1704 -1716 . DOI: 10.1037 18 Overall, the children who had the MSM as target machine produced at the verbal recall test at T 3 altogether 39 newly acquired words out of a total of 253 words from the wordlist, whereas the children who had the CDC as target machine produced a sum of 18 newly acquired words form the wordlist out of a total of 106 words produced at the recall test.
Recall that in the Simcock and Hayne (2002) study there was not a single incident in which a child used a newly acquired word to talk about the previously experienced event. In order to test for the significance of the use of newly acquired words, and since the number of new words used at recall was registered for each child, we used one-sample t-test with the test value "0" (i.e., no new words). Across age groups and machines, the number of newly acquired words from the wordlists used to describe the machines did indeed differ from "0" (see Table 1b ). Hence, the results presented in the present study indicate that, provided that the props are present at recall, it is possible for young children to use newly learned words to describe an event which occurred six months earlier at a time when the child's productive vocabulary was less developed. 
Nonverbal recall test
In line with Hayne (2002, 2003) we analyzed the children's nonverbal recall as these data provide the basis for showing that the children did indeed remember the to-be-remembered event experienced six months prior to the test. However, since the primary focus of the present study is on the children's verbal memory for the to-be-remembered event, we only present the main effects in order to avoid digression. The children's ability to re-enact the five target actions were analyzed by means of a mixed-model ANOVA with Target Table 2 and a graphic representation of these results is displayed in Figure 2 .
Subsequent pairwise post hoc tests using the Bonferroni correction revealed that as hypothesized the children overall produced significantly more target actions immediately after the encoding session compared to baseline (p < .001); that the children produced significantly more target actions at T 3 compared to baseline (p < .001), but also that the children had forgotten a significant amount of target actions across the retention interval (p < Psychology, 51, 1704 -1716 . DOI: 10.1037 20 .001). Finally, the children produced significantly more target actions at T 3 with their target machine compared to with the foil machine (p < .001), indicating that their performance after the six months' delay could not be explained by maturation but should be attributed to memory. In short, the basic design worked as planned.
Discussion
In the present study we replicated the MSM study used by Simcock and Hayne (2002) .
In contrast to the reference experiment we allowed the props to be present at the verbal recall test while controlling for potential on-line reasoning. The results were clear and systematic.
We found that the children in both age groups and conditions used newly acquired words from their productive vocabulary to describe the previously experienced event, and that the use of newly acquired words depended reliably on which machine they had had as target machine, indicating that the difference in results could not be explained by on-line reasoning, but should be attributed to memory.
Why were the children in the present study able to use newly acquired words to describe the event whereas in the Simcock and Hayne (2002) study none of the children employed newly acquired words from their productive vocabulary to describe the to-beremembered event at recall? We hypothesized that the presence of props at recall would lead to the obtained differences in results. However, before we can make any conclusions in this regard, we need to carefully discuss alternative explanations: Even though our design differed with regard to other factors, for example place of testing (home vs. lab), age groups tested (we did not test the 27-month-olds), retention interval (we only used a six-month but not a twelve-month retention interval), and target objects (we used different ones), we do not believe that the differences in the results obtained can be explained by these differences in the designs. First, existing evidence from studies where the context for test has been manipulated (in the lab vs. at home) has not shown any difference in results (Bauer et al., 2004) . Second, even though the exclusion of the 27-month-olds in our study may overall have improved the average results, this cannot explain the difference in results as we found that both the 33-month-olds and 39-month-olds used new words, whereas Simcock and Hayne (2002) found that no children used newly acquired words regardless of age group. Third, although we only used a six-month retention interval (and not a six-and a twelve-month retention interval as in the reference study) the obtained results are in our view still comparable and convincing.
Even with the shortest retention interval (six months) Simcock and Hayne (2002) found that Notice: This is the author's version of a work that was accepted for publication in Developmental Psychology. A definitive version was subsequently published in Developmental Psychology, 51, 1704 -1716 . DOI: 10.1037 21 none of the children used newly acquired words, whereas the children in the present study did after the six-month retention interval. Fourth, although we did not use the exact same target objects for the MSM as used in the reference study, we consider it unlikely that this difference could explain the results obtained. Our reasoning is mainly based on the fact that the majority (26 out of 39) of the times the children who had the MSM as target used newly acquired words at recall, the children used words that also appeared on the Hayne (2002, 2003) wordlist. Therefore, it could not have been the partial use of different objects for the MSM that caused the effect.
Can we rule out that on-line reasoning contributed to the children's use of newly acquired words from their productive vocabulary at the verbal recall test? The fact that the children used newly acquired words to describe not only their target machine, but also their foil machine (although only very rarely) suggests that the presence of props actually contributed marginally to on-line reasoning as well. However, the crucial point is that the contribution from on-line reasoning was under experimental control. Remember, that the verbal report (1) was obtained while the machines were in sight but out of reach, and (2) Why should the presence of props make a difference? In both the Simcock and Hayne (2002) study as well as in the present study the investigation of the young children's verbal recall was elicited during free and, subsequently, prompted recall. This may have initiated a top-down retrieval process and thus forced a difficult task upon the children in order for them to retrieve the memory of the event due to less mature frontal lobe structures in this age range
Notice: This is the author's version of a work that was accepted for publication in Developmental Psychology. A definitive version was subsequently published in Developmental Psychology, 51, 1704 -1716 . DOI: 10.1037 22 (e.g., Johnson, 2005) . However, in the present study we also provided the children with a careful match of distinct cues between the original event and the context for retrieval (e.g., exact same lab, same female experimenter, props were present) which are known to facilitate recall in general (Hayne, 2004; Newcombe et al., 2007) and consistent with the notion of cueitem discriminability (Rubin, 1995) . We speculate that this massive cuing using highly distinct props may have triggered bottom-up retrieval processes and thus facilitated the children's ability to verbalize their memory and to use newly acquired words while doing so.
By having the distinctive props present at recall our study share a crucial design characteristic with the previously mentioned study by Morris and Baker-Ward (2007) , which so far had been the only controlled study demonstrating that young children could use newly acquired words to describe an event experienced at a time when the their vocabulary was less evolved. As argued above we have reason to believe that the presence of distinct props at recall was central to the obtained results in both the experiment by Morris and Baker-Ward (2007) as well as in the study reported here. However, one might argue that the presence of props at recall was only partial in the Morris and Baker-Ward (2007) study. Whereas the bubble machine and the experimenter were present, the specific color pegs used were actually not present at recall (Morris & Baker-Ward, 2007, p. 453) . Does this design feature undermine our argument? We do not think so. In accordance with the notion of cue-item discriminability (Rubin, 1995) the crucial facilitating factor may not be the amount of overlapping cues per se, but rather whether the available cues have a distinct and unique reference to exactly the to-be-remembered situation (and not to any other incidents). Note, that in both the study by Morris and Baker-Ward (2007) and in the present study, the presence of the 'magic machine' fulfilled exactly this criterion of being a distinct and unique cue providing an unambiguous reference to the to-be-remembered event.
Can we rule out the possibility that some of the 'new' words relevant for describing the target event could have entered the children's receptive vocabulary during the encoding sessions? 2 We acknowledge that we cannot rule out this possibility. However, first of all, we do not think this possibility restricts the scope of the obtained results substantially, as this possibility was also present in the Simcock and Hayne (2002) study. Although Simcock and Hayne (2002) tested both the children's receptive and productive vocabulary, all aspects related to assessing the children's free verbal recall (including the parental reports concerning words specifically related to the events) were exclusively based on the children's returning from the encoding session the children were asked which color could turn on the machine). In the present design, such a control measure would be very difficult to entertain as each wordlist involved not one, but 22 words.
General Discussion
The circumstances by which young children can and cannot use newly acquired words to describe events experienced substantially earlier is crucial when attempting to understand the enigma of childhood amnesia. In this light, surprisingly few studies have addressed this question. The results from the present study together with the results from the Simcock and Hayne (2002) study provides a more complete picture of the puzzle: there is no doubt that young children have difficulties employing newly acquired words to describe an event that took place at a time when the children's productive vocabulary was less advanced. When the props are absent at recall, they cannot; when the props are present at recall, they can, although only to a limited extent.
We believe that the results of the present study have important implications for our current understanding of the mechanisms responsible for, and involved in, childhood amnesia. Over the years a number of different explanations of childhood amnesia have been put forward (see Bauer, 2007 Bauer, , 2014 Hayne & Jack, 2011 , for reviews) and several important components have been mentioned. For example, components such as brain development related to declarative memory in general (Bauer, 2007; Richmond & Nelson, 2007) , and to episodic memory specifically (Newcombe et al., 2007) , the cognitive self (Howe & Courage, 1993) , socio-cultural factors -in particular supported by evidence on maternal reminiscences
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In this context, the present study can be seen as a test of the language acquisition hypothesis (Jack et al. 2012) stating that "…language development may be the rate-limiting step in the offset of childhood amnesia" 2002, p. 230) . Our results do indeed challenge this hypothesis in its absolute form: Although only a few newly acquired words were used to describe the to-be-remembered event, it actually did happen, and the frequency of newly acquired words used differed reliably from zero. Thus, the results provide evidence that the ability to use newly acquired words to describe previously experienced events is not a barrier in the absolute sense.
As already argued a careful match between the distinct cues present in the to-beremembered event and in the recall setting seem to facilitate young children's ability to recall previously experienced events. This is probably partly due to the principle of cue-item discriminability (Rubin, 1995) . However, when considering young children as is the case here, other factors may contribute to the facilitating effect than cue-item discriminability per se. According to Berntsen (2009) external cues often initiate involuntary recall, an automatic associative bottom-up process, requiring little executive control and relying less on frontal lobe structures compared to voluntary recall which typically involves a self-initiated, topdown search process requiring high degree of executive control. The voluntary top-down retrieval processes are therefore also considered by many theorists (e.g., Suddendorf & Corballis, 2007; Tulving, 1984) to be a highly advanced process requiring sophisticated search and control processes compared to the bottom-up retrieval process which relies on associative processes. Consistent with this idea Hall, Gjedde and Kupers (2008) suggest that the bottom-up retrieval process is an earlier ontogenetic developed achievement compared to the voluntary top-down process since the former is less dependent on the development of frontal lobe structures than the latter.
Applied to the present study the activation of these two different retrieval processes may help explain why the children in the present study were able to verbalize and use newly acquired words to describe their memory of the target event whereas their peers in the Simcock and Hayne (2002) study were not. We do not argue that the children's recall was involuntary; clearly it was not as the children were explicitly asked to remember the previously experienced event. What we do suggest is that the strong prominence in the recall setting of distinct cues referring unambiguously to the to-be-remembered event may have Notice: This is the author's version of a work that was accepted for publication in Developmental Psychology. A definitive version was subsequently published in Developmental Psychology, 51, 1704 -1716 . DOI: 10.1037 25 facilitated bringing additional material to the children's mind by simple, associative means.
Thus, we speculate that, because of the presence of props in the recall situation, at least some of the mnemonic material may have been brought to the children's mind without the need for employing the kind of strategic, voluntary retrieval that seems to be highly demanding for young children, granted their immature frontal lobes. Such an explanation is tentative, however, since systematic research on spontaneous recall in early childhood is almost nonexistent in the literature (Krøjgaard, Kingo, Dahl, & Berntsen, 2014 ).
In conclusion, and in accordance with the results obtained by Morris and Baker-Ward (2002) we provide evidence that young children, provided that the distinct props are present at recall, can use newly acquired words from their productive vocabulary to verbally describe events that were experienced six months earlier when the children's vocabulary was less advanced. 
